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(57)Abstract: 

PURPOSE: To provide a highpolymer solid electrolyte excellent in film formation, mechanical 
strength and flexibility or softness which shows high ionic conductivity nearly at a room temperature 
with no fear of electronic conductivity. 

CONSTITUTION: High polymer solid electrolyte is composed of organic high polymer including 
carbonate groups as functional groups and metal salt. It is independent vinylethylenecarbonate group 
monomer (VC) Or its copolymer with carbonate groups acting as the principal chains of organic 
highpolymer. or it can be independent vinylenecarbonate group monomer, 

ethylenecarbonatemethacrylate group monomer, ethylencarbonatepolyethyleneglycolmethacrylate 
group monomer or (polyethylenecarbonate polyethyleneglycol) methacrylate group monomer or its 
copolymer including carbonate groups acting as the side chains. 
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■fSftfif±§Wj3 5tra«fCbT, M$bfcS (7) * [fL2 7] 

[0 17 9] * 

R l R 3 



I 

c 
I 



R 2 C = 0 
I 



( 7 ) 



O— <-R** 



V- 0 



<D i = 1 $fc«9£>E C P EM. Xfi ECPEMs 



1 7(C^b/c<fc'5(i:L iC10 4 ©« 



<-0 



[0 18 0] 
[Si 7] 



(PECPEM4) 
3 5 

35-1 
35-2 
35-3 
35-4 
35-5 
35-6 
35-7 
35-8 
35-9 



(PECPEM1) 
MMM 3 6 

36-1 

36-2 

36-3 

36-4 

36-5 

36-6 

36-7 

36-8 

36-9 



(PECPEM9) 

mm 3 7 

37-1 
37-2 
37-3 
37-4 
37-5 
37-6 
37-7 
37-8 
37-9 



[Li+]/[ECPEM unit] 
0.02 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 



;-a# (MMW3 5) co^t, 

MMW\2 7 £tdimc% 1 3t 
it&&ilfflU [M + ] / [EC 
3 (M&L i , NaXttKffe 

[7 -r ;l^A%HMMi2-i i: |wi1i{c 



$/c, ECPEM. <Dl 
L i C 1 0( lciXz.X, 

PEM^-7 h] =0. 

bTfFfiicb/c (HSSFIJ35-10 —35-17 ) „ 

[0181] ( -i*ymn^(DWW 

(i) -r*y2SM*i: [L i + ] / [EC PEMa-7 
H 

^Mll 3 5-3 7 ©^»fiftS«i7'T 9 *n 
Si 7£^bfc [L i + ] / [EC PEM^7 H ft 5 

(2 5°C) ^iJSbfCo iOlSH^IHl 9{C^t" 0 

[0 1 8 2] El 1 9fr£, L i C l Oi CQifefjPM^ [L 

i + ] / [E C P EM^-7 M = 0. lUTF^ffigS 

H7^;l>A£Jt<3£flEn , tV§;&V ^H'* 
^WW^i^A^, -7a, ^-ora© [L 
i + ] / [EC PEMa-7 h] =0. 2~0. 6<D*g 
fiS^T?{i£L<i§SW*y3*«$*^U 0. 3- 
0. 4fitjfiT?ft*J[*/T>ti:J:*'b!!( > 5. Sft, [Li 
+ ] / [ECPEMa-7h] ^0. 8&i9$>M<%Z> 



b fc^si i: a o r*3 6 t\ suns & * t>ww 

30 [0 18 3] LfttfoT, CO^-??t± [L i + ] / [E 
C P EMl-7 h] =0. 02 — 0. 8 tt Z> £ ttftf 
tffCO. 2-0. 6t«CWSU^t 

[0 18 4] fll*©#yx— r;l/*BSo*0Sl/ 
» (S (7) fcfctfSi) *K 4, 9£iiJta£-e?>i: 

4^5. 7^;l/A©S#(tttlM*PbT^rco $ 

fc, S^^^yaiS^ti, i =4 0^fc [L i + ] / 
[ECPEMa-7h] =0. 3#ifi"P^*nrv»«{l 

[0 18 5] (ii)>r*^#**Ofift4Sc#tt 
*M?iJ 3 5-3 7 Tl#6n/c^?@f**)SH7 ^ ;l/A 
<D?^> [Li + ] / [EC PEMa^7 h] =0. 4 
Ofe© (HSS^lj35-5, 36-5, 37-5) tO^t, -Y^aS 

*£%S l 8 fc^Lfe* o icMM 10-60 tv^tHSM 

50 [0186] 12 0©iBS^6, *£W©ifc#?Hfttl 



(26) 
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[0 18 8] 
[Si 8] 



35-5(PECPEM4) ,36-5(PECPEMl) ,37-5(PECPEM9) 
fi®( °C) 1 0, 2 0, 2 5, 3 0, 4 0, 5 0, 6 0 



(in) -<*ymn^£7>itiv<&mi&<Dwm ■ 

ECPEM, n^W?k\$.m LfcHSM 3 5 © ? 7)1 
f} U#SiS^aiI^S^:?)^M?ll35-4, 35-10-35-17 <D 

I a^iif**MM7-i';i/Atc-oi / ^T, nm^^^yMn. 

* (2 5°C) ^*i6/Co C€»^S^il2 HC^L/Co 

[0 1 8 9] 02 1 frtbmZfrft&yfcs c cDiS^gl 
f*«fS S 7 ^ ;l/ A & 7 ;U * U ^JS £ * £ * T fe -Y * y a* 

s*ft«t{gTir § c i: * < , mtoy^ttrnfomM 
m<D-f*ymw¥£ttMLTs muc.25 °o k&v^ 
tymnm^L <M^m*^Lrco v^lm 20 

T'«LiN (C F 3 C0 2 ) 2 %ffl^/c±I-mcSfcra<^ 
[0190] iMJ38~49 : ECPEMi (ttM 

(VC) 1 0m HC^^THM?|J3 5-3 7T-&fi!cL/c 
xfUy*-^-F#U xfyy^'J n-;M ^ £ 'J 30 

U— h (ECPEM< , ECPEMi XiiECPE 

m 9 ) iomi *mmLs &n&Z#%{\k(D 

LT, Si 9-2 HCTKLfckolC* Y^y^)^\y 
yWu-jl^ZtVU-h (PEM4, PEM9), * 



*5>7V)lW.*l-)\< (MM A) Rtf^x'Wy^ (M 

a D mm?%uftimmm4tmmicLTx.?-uy 
ti-$%-b*°v^uyw?-)i*$tv]/-h 

(ECPEM) fcffiOT/V-tClii^ML 

fc 0 ^©ism, nx*3 0-4 o %-?mffl(Di±m£fo*m 

CDCh ^' H-NMRTI^LfcfcC^, 

[0 19 1] &*5, ±mm£?*m^tc7i?lvl 

gijA I BNtc^bO, jiiMt^yvV;!/ (pbo) 

[0 19 2] 
[Si 9] 



t-o 



ECPEMi PEM 4 



3 8 


9 5 


5 


3 9 


9 0 


1 0 


4 0 


8 0 


2 0 


4 1 


5 0 


5 0 



[0 19 3] 
[S2 0] 



[0 19 4] 







•it(mol%) 










E C P EM. 


P EM4 


P EM9 


MA L 


MM A 


4 2 


9 5 


5 








4 3 


9 5 




5 






4 4 


9 5 






5 




4 5 


9 5 








5 






* * 


[S2 1] 










-J±(mol%) 










E C P EM 9 


P EM4 


P EM9 


MA L 


MM A 



4 6 9 5 5 

4 7 9 5 5 



3 



(27) 
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4 9 
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9 5 
9 5 



CPEM«l^ft*«MU ^*ffi|12-lfcra«tfc:LTL 

i c l 04 £jStaL;fci9^B#*j!iR7-f/VA*ffrS 

Lfc. tOi^ *B6f«3 5 fc|l«{C, [L i + ] / 
[ECMAa--yh] ©fi^O. 02-0. 8©$Effl? 
F)r£©ffi 9^ L i C 1 04 ©i^ijpa^r^^fc 

(HMIJ38- 1-38-9, HSS$J39- 1-39-9, HSSM40-1- 
40-9, ^MlJ41-l~41-9, 42-1-42-9, H5SW3-1-43 
-9, ^51^044-1-44-9, ^ffii?lj45-l— 45-9, ^JS0946-1 
-46-9, 47-1—47-9, MMfU8- 1-48-9, IWJ49-1- 
49-9) o 

[0 19 5] ifc, ^2 OfojVfJ^EE C PEM. i: 
PEM4(5mol%) 
(/">T, L i C 1 Oi {C-ft^T, 
3 L fc 8 ^ © 7 ; 1/ # U ^1 

[E C P EMazy H =0. 

lif^CLT^Lfc (HM042-4, 42-10-42-17 ) 0 

[019 6] cvbrn^titcWA^mwrnmny^^ 

A a l, vj* ft fe nTSStt fctt A, J9fcfrH83i6© 7 -Y ;v a -e 

$.0, ^©Ji/Pi 5 0 — 2 0 0 (imT-^ft, 
[0 19 7] ( -f;t >#**©!¥» 
(i) -i^yMWh [Li'] / [EC PEMa-7 

H 

gl9fc^L7£, ECPEMi fcPEM« 3^6ft*ttfi 
^ftT'SoT, [L i + ] / [E C P EM3.-7 h] If 

w^mfti-mfanmny 4 >i>a (^mm38-i~38-9, 

HMIJ39-1-39-9, mmmAO- 1-40-9, W?lJ41-l~41 
-9) tOV^T, ^M>Jl il[nHi{<:-Y4->^W (2 5 * 



^ (^Sfc«|4 2) (CO 
«?|J2 7 

iSfc^ffl U [M + ] / 
3 (MtiL i , NaX« 

7 -f ;l/i,*^ai0!Il2-i 



*°C) §ffl£Lf;„ C ©tSa%H 2 2 t^-To 

[0 19 8] $fc, HAtfC, ^2 0Rtf^2 1 K&Lfc 
ECPEM4 X«ECPEM 9 ©KM^Mcot^Tfc, 

[Li + ] / [ec pem^7 hi ^sasflKH^a 

(2 5°C) ^MSLfco C©gS*0 2 3Rtf0 2 
10 4 (C^-to 

[0 1 9 9] 02 2-0 2 4fr£, E C P ElAlC&fflC 
#'JX— f-;HI)ft*#1"5P (PEM 

4, pem9) aaifflitaEfews 

[0 2 0 0] CftEftLT, MMA&SWiMALfcft 
fi-&£-&3fc, P EM^tyv-^tta^^^fctf-g-j; 

20 D t>^*7#«^li 1 0#© 1 fflKSTffiTU £/c7 
^;l/A©§llttttfcffiTLTl\fco LfrU MMA^fti 
7^;l/A©KfittttffiTLTi^fco 

[0201] (iiK^Wf^aStt^te 

±SETi#fciS^?H{*^a7^;bA©5-5, 2K 
&LTc&5KE C P EM, , ECPEM, XliECPE 
Ms tPEM4 (5mol%) fcj^6ftSttfi^# (H 
SSM38-6. 42-4, 46-4) COl^T, -Y^alS^^SS 
M3 5 — 3 7 t HtitCfifi 10-60 "C^CMS L7c 0 d 
©SH£0 2 5C^-T 0 
30 [0 2 0 2] 
[12 2] 





ttS^f* [Li + ] 


/ 


[E C PEMa-7 M 


38-6 


ECPEM1-PEM4(5%) 


0. 


5 


42-4 


ECPRM4-PEM4(5%) 


0. 


3 


46-4 


ECPEM9-PEM4(5%) 


0. 


3 



0 2 5 ©IS£#, ECPEMi , ECPEM. TJi E C 
P E Mg 0#tSfi'&#"Cfc3*8WW 3 6-3 7 ©3SJH 
(019) fcJttSrtSCfcfCfcD* E C P E M^±tli% 



40 



[0 2 0 3] 

(in) -r^y#s*t7^*u^a^©a« 

ECPEM4 tPEM4 (5mol%) £££ 



:-&$^fc 50 



^fit09 4 2 mWMMMy^ ;l/A© o 

[M + ] / [E C PEMa-7 h] =0. 3 (MfiL 
i, NaXttKTSS) TSoT7;WJ4Il©iI 
tfS&Sfe© (HMIJ42-4, 42-10-42-17 ) tOV^T, 

^«E-r^-y#M* (2 5°c) *^46fc 0 ^©$5*^0 

2 6 tc^Lfco 

[0 2 0 4] 02 6*&W6ft»ftJ:5C % 7>]/i3V&m 
ffi#©i9l^@f*S#H©fc©fcJt&LT, SS(25 

°C) fc:m*§>f*>#**tf*L<iftvHt*^Lfco W 

C, Uf-7A^tiLiN (C F 3 CO2) 2 fcffll^fc 



53 

[0 2 0 5] 



■fil^J 5 0 : ECh PEMi ^flftH^Sftf 



— ;10 2*?VU—b (ECh PEMi : h = 2 , i = 
4) ©^fiSc) 

McJKIfckJIW- hU*>A*}S«*init.T, $tb<}f# *io [fk2 8] 
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iffiTT«bx#^^^M^Lfc:v ? *-;W^ffco 

ftfft^^e>3^^«(Dhu*xyy (c i, co) , 

C 0 ^'PM-f-DM X > 5 9 6 ASH 2 0 °C T* Jf 

S&fcSEETTi&SU ffl3£Lfci£ (9) 
[0 2 0 6] 



R 1 R 3 
I 

C — 

2 ' 

R z C = O 



( 9 ) 



°~f* R \ // 1 f*^ 



T*g= K h = 2, i=4©(#D (xfb>*-|^ 20* [0 2 0 7] WiOECz P E Mi -^X*— A£^iS 



-h) ^UifUyyij3-;W jt^'Jl'-h (EC 
2 PEM, ) *mtc 0 i?>n/iMMFT-IR, ' 
H-NMRfC<t0*O#fi§*SSSL/"Co lR*tt 5 0%T* 

EC 2 PEM 4 MX^f-A 



[0 2 0 8] 
[ft 2 9] 



CH. 



CH (1) NaHCO^ aq 

| 3 V" 3 

H 2 C=C (2 ) ° H 2 C = C 

' _ C 1 , CO-C-OCC 1 , J. 

C=0 3 3 C-O 
I 



„ 2 
O • 




;b) ^^^'JWMM^tt (PECt, PEMi : h 
= 2 % i = 4 ) cD^fig) 

HfliMl 2©toPx^y*-#*-hfi£l* (PV 

EC) O^KfeV^T, Ex;l/Xfl/y*-#^-h 
(VEC) 1 0 gteft*.T_kS£©#L> (xfb>A-« 
#iJlfU^'j3-;Wi(i"JU-h (EC 
2 P EM4 ) 10 g^ffl-TS^fiUflfiWI 1 2 fcl^tt 
KLT ( tf'Jxfl/VA-^-b) ^'JxfUyy 50 



E C 2 P E M 4 

WiFT-IR, CDC 1 3 4>' H - N M R £ <fc ?) BtSH 
0*faffi#?T?S3 C fctfTOBS ttfco »R*tt 2 0 ~ 4 

0% Tab o /to 

[0 2 0 9] ±ISfi-&TfflV^c^i/*;Vfi^te 
$JA I BNfCfrto^ mWit^y^M)]; (PBO) £rffl 

[0 2 1 0] GlS^0ttSjg®7^l'A<DflFJ$) ±HB 
-et#6ftfcEC2 PEM, S£#£®fflU x^by* 



(29) 
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+ 



-$*-hmzttt%L i l©t;Ht ([Li]/ 

[ECi-7h] ) t)^2 3E^LftJ;5fC&3<fc5fc: 
L i C 1 0< -%muL, *j5S$Jl2-li:[5)1fk:LT, Wti 

[021 i ] d o Lxm^tircM^mwnM'Ry a> 

©BI/P«:5 0-2 0 0 /imT'&ofco 
[0212] HBg^iJ 5 1 Rtf^Sfifll 5 2 



56 

h*ffiffl-r«fl!lt4^J6«!l5 0 i^ttltcLT, HuMbfeS 

(9) T»g=K h = 4, i=4©EC< PEM< , $. 
tfh = 3, i=9<DEC 3 PEM, CtV&tt 

£\ S2 SfC^LfcJcSEL i C 1 04 ©^inM^x 

[0 2 13] 
[H2 3] 



(PEC2PEM4) (PEC4PEM4) (PEC4EM9) 



S60!I5 0 


mmm 5 1 


mmm 5 2 


[Li+]/[EC unit] 


50-1 


51-1 


52-1 


0.02 


50-2 


51-2 


52-2 


0.10 


50-3 


51-3 


52-3 


0.20 


50-4 


51-4 


52-4 


0.30 


50-5 


51-5 


52-5 


0.40 


50-6 


51-6 


52-6 


0.50 


50-7 


51-7 


52-7 


0.60 


50-8 


51-8 


52-8 


0.70 


50-9 


51-9 


52-9 


0.80 



EC, PEM4 <DM^W (^SS#!l5 1 fcOl>T, 
LiC10< KftfcT* Hj56$J2 7 tfffi&lC& 1 3E^ 

Lfea^or;i/*u**ja*«fflu [m + ] / [ec 

a-<y>] =0. 4 (MfiL i, NaXttKTSS) © 
jSL/c (H»iJ51-10 -51-17 ) o 

[0214] ( -u-ymnmmm) 
(i) -Jtymmmt [l i + ] / [e czl-v h 
nn&ffli 50-52 (DM^mitnmmy^ >ii±<d *> ^, 

^2 3 E^Ufc [L i + ] / [E H 

&©Koivr\ MMMi tmffifc^tyMWM (2 5 

°C) ^Stebfco 7{c^"To 

[0 2 15] 02 7fr5>, L i C 1 0< ©ifetafitf [L 
i + ] / [E Ca- v H = 0. 2-0. 6 0fU8lt*£ 
L <W * > Vffi(j<i V ^ Cttft>fr% 0 Z. <Dffl$X* \t 7 
Y^A(D»l4t{ItlT^/co [L i + ] / [E 

Cn-^h] tfo. 2<fc0t/hSvMK«fi^£T*MM'* 

o. 8#±©jBs»i«Htt"z*fci\ 8e*oas^H# 

«»H 7 f >i L, ic § t iltiT i ^ s J * ymnM 

L fc«IB i: * o T 43 6 f , fHifcttfe <t tf »W W 

HS&#J 50-5(PEC2PEM4),51- 
iSfiC °C) 1 0, 2 0, 2 5, 



30 



* [0 2 16] LfctfoT, C<D^T?tt [Li ] / [E 
Ci-y h] =0. 02 — 0. 8 t-f&C t 
<, #£0. 2-0. 6 fcf SCtSWSU-'Cfcjyt) 

[0 2 17] Sfe, «l«©#'Jx— r;WiJfifc^-r«jK 
'J*-3l?*-M»J6fiD«!)«lt*ifflni*«Si:, CD SB 

3fS*<Dffl*^inb, ^n^#x§fiJiL icio. » 

fitfiSK&D* (2) ***^ffiiflK:£5tt#tt#;fc# 

<&D, (3) L i C 1 0< <Dl&m&.ffimct5^T7 J 

[0218] (ii)^r^->n«$©iastt#it 

HSSM5 0-5 2-?i#^nfc^?Sf**»H7Y^A 

©9%, [L i + ] / [EC PEM3.-7 h] =0. 4 
©fe© (HS60II5O-5, 51-5, 52-5) KO^T, -f^yaS 
2 4 K^LfcJ: 5 KM& 10-60 °CT^SS$I 

[02 1 9] in 2 8©*fi*3^6, ^m<DM^m»n 
ti, tie*© p e o$s&um<D&m&tt : ?£7;i'ti v 

[0 2 2 0] 
4] 



■5(PEC4PEM4) , 52-5(PEC3PEM9) 
3 0, 4 0, 5 0, 6 0 



40 ffi 
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(in) j*ymnmt7>\'tiv& 
ec. pemj m^w^mmLtc 



ft>t) V jkMiULOWMftl^ft %> H$i#!l51-5 , 51-10 — 51-17 

W& (2 5°C) ^5f<i6/co C(DB%.%®2 9fc^Lfc 0 
[0 2 2 1 ] 02 9frt>Wt>fr%:&5lZ, COS^H 

MtD^jrywnmttmLx, mu (2 5°o ic^ts 

J*ymW$1$ML<M^{$.J£^Ltc a U^7A 

IgTHiL i N (C F 3 CO2 ) 2 ^fflt^/cil^afeig 
[0 2 2 2] 3 — 5 6 : E C* P EM, (rtS 



fr) ^S^?H*miKS7^;l/A 



a 



t, t^by^-sp^-h (VC) lOmimtl 
JH$|5 lT'Ml/c (stf'J (xfl/>A-t^-f) $ 
Ux^yy?"U3-;K> ***Ub-h (EC, PEM 

T\ *2 5fC^Lfe«t5K^ h^#'JxfUyyU3 
-;l/^^^'Jb-H (PEM 4) %ffiffl-TSW^«mS 

xfuy^ija-;!/) y^'JU-h (EC . PE 
M, ) ilPEM4fccD±±fi^f*^jSLfco ^©SS^ 
IR* 3 0 ~ 4 0 %7f/T$©ttB£f*£t#3 C fctfT** 
fc 0 l 7 V-ffi^^ C D C L 3 cp 



[0 2 2 3] ±l5fi^ffl^fc5i>'*;bfi^^ 



gijA I BNKfrfeD, jfiKft^yWrt' (PBO) 

[0 2 2 4] 
K2 5] 



p^yr-ifcdiioix) 

EC 4 PEM 4 PEM4 



5 3 
5 4 
5 5 
5 6 



9 5 
9 0 
8 0 
8 0 



5 

1 0 

2 0 
5 0 



c. pem. nm^foz&mL, mmmi2-itmm^L 
ma Lfe. c ©*ii^ *»j 5ot^it, [li + ] 

/ [ECMAa--yh] ©ffitfO. 0 2-0. 8©fEH 



^ft©^, E 



(30) W6-2 2 3 8 4 2 

58 

"CBr^Offifc =9:5*5^ L i C 1 O. ©iitaa^x. 
fc (MHS/09S3-U 54-1-54-9, HMU55-1-55-9, 
$156-1—56-9) o 
[0 2 2 5] £fc, ±fETt# 

C. PEM. tPEM4 (5mol%) j^eftS^fi'&i* (M 
MM 5 3) fCOl^T, L i C 1 O. IcIXtlT, %6tM2 

U [M + ] / [E h] =0. 3 (MttL i , 

NaXl±KT?SS) ©TS^?@f*«fS3l7^A£:llJl 
10 0912-1 tlRliBlCbTffJsKb^: (^»j53-2~53-9) , 
[0 2 2 6] l5 LTtf 5 ftfcifc#?B#*J!Mt 7 ;l/ 

fe^ fOUIli5 0~2 0 0|tint^ofeo 
[0 2 2 7] ( -Y^yaHS^CfMffi) 

(i) -<*ymnmt a i + ] / [e ca^v m 

S2 5(^Lfc, EC. PEM. itl^'PSot, 
[L i + ] / [ECa-y H tfS&*K#?H#WS 

I7^M (HSS^J54-l~54-9, HSSfiJ55-l~55-9, H 
S6#!]56-l— 56-9) (COl^T, ^fitfflll £|HUi^:*y# 
20 (2 5°C) SSISLfco il©$£^03Oli:ito 

[0228] 0 3 0^5, C©&fi^ti3S©StfH 1 Bft 
®£Kfi, EC. PEM. icnn-SZHZP EM 4 ©it 
^fcSS&Si^ (1) EC. PEM. ©*ffi*&# C^SS 

M5 1) tj±^rg;«^y*m^©{ifiw>-f 

t, (2) JRffilfm^fcStt^tfSfcH-Sc^ 

(3) -<*>1»**<Dit[»fttt#tt*!«/hS < »S C fctft) 
Sfc. (4) L i C 1 0. <0<g«gfU#-piS#? 

[0 2 2 9] (iiK?f-yW£i:7/i/#i>;£ju&©§ 

30 E C. P EM. t P EM 4 (5 mo 1 %) ^ttfi-a-?^ 

fcl»J5 3©K^HfWi*PK7^;l/A05'6, [M 

+ ] / [ECaX7h] =0. 3 (MtiL K NaXH 

(^M?!l53- 1—53-9) COl^T, PlflUc-Y^yap** 
(2 5°C) %M&brco C<DB%*M3 1 (C^Lfco 
[0 2 3 0] |3 1^Bi6MJ:^^ 7)W)&M 
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